Morbidity related to ineffective resuscitation and stabilization of premature infants is increased when delivery occurs outside tertiary perinatal centers. The regional neonatal transport team received extensive training to expand their scope of practice to include delivery room resuscitation allowing them to attend high-risk deliveries in community hospitals when maternal transfer was not possible.
INTRODUCTION
Despite the recognized impact of a highly regionalized system of neonatal-perinatal care in Canada, a significant number of premature infants are born outside a tertiary perinatal setting. 1 Currently, 33% of very low birth weight (VLBW, <1500 g) infants within the Greater Toronto Area (GTA) are delivered outside a tertiary perinatal center (GTA Child Health Network Data, 2003) . The specific reasons include inadequacy of tertiary maternal obstetric beds and the lack of a dedicated transport system for highrisk maternal transfer, similar to previous reports. 2, 3 Dedicated neonatal transport teams reduce morbidity and mortality in VLBW infants requiring transfer to a tertiary referral center; 4, 5 however outcomes are still not comparable to inborns delivered at a tertiary setting. Optimization of perinatal care with prompt administration of antenatal steroids, 6 strict adherence to standard guidelines for resuscitation 7 and early administration of surfactant 8 may minimize disadvantages related to delivery outside a tertiary center. In view of the large number of outborn premature infants, the specialist neonatal retrieval team (SNRT), for the region, received additional delivery room training, allowing them to attend highrisk preterm deliveries in community hospitals and support referral hospital staff. The purpose was to mimic resuscitation practices of the inborn tertiary centers in the region and enhance patient care. The impact of a specialist neonatal retrieval team, attending high-risk deliveries outside a tertiary setting, on the resuscitation of premature infants and stabilization, has not previously been studied.
SUBJECTS AND METHODS
The neonatal transport team at The Hospital for Sick Children (HSC), Toronto has attended high-risk preterm deliveries in community hospitals in Central Eastern Ontario since September 2000. The team received additional training at inborn tertiary perinatal centers to increase their knowledge of high-risk obstetrics and enhance their skills and judgement when resuscitating VLBW infants. All team members had attended the Neonatal Resuscitation Program (NRP) course within the previous 2 years. The SNRT attended the delivery of premature infants r32weeks gestation following requests by either an obstetrician or pediatrician at the referring institution. The two-member team composition included registered nurses and respiratory therapists with backup medical support provided by neonatal physicians at a post-fellowship level.
Study Design
All requests for the SNRT attendance at high-risk preterm deliveries over a 14-month period (starting January 2001) were reviewed. Births where the SNRT was present at delivery were compared with those where the resuscitation was performed by staff at the referral hospital (RHT). The latter included a pediatrician (occasionally a neonatologist) or anesthesiologist, registered nurse and/or respiratory therapist. It is mandatory that all nurses and respiratory therapists (but not community pediatricians), involved in neonatal resuscitation at referral hospitals, to attend the NRP course every 2 years. The course offers specific resuscitation training related to the preterm population. All surviving babies were subsequently transported to a tertiary NICU by the SNRT. This study was approved by the local research ethics board committee.
Data Collection
Antenatal records were reviewed to obtain maternal age; parity; singleton vs multiple pregnancies; frequency of ultrasound abnormalities; group B streptococcal status and rate of antenatal corticosteroid administration. The reason for premature delivery and mode of delivery was documented. Gestational age, birth weight, gender, Apgar scores, cord pH and time of onset of spontaneous respiration and heart rate were recorded on all babies. Specifically, we compared details of the neonatal resuscitation and stabilization in the both groups.
Resuscitation
The frequency and duration of 100% oxygen treatment mask continuous positive airway pressure (CPAP), assisted bag and mask positive pressure ventilation and cardiac compressions was documented. The performance of endotracheal intubation and vascular access procedures were carefully reviewed. Endotracheal (ET) intubation was assessed by recording; (I) number of intubation attempts; (II) time to successful ET placement; (III) accuracy of ET placement (Optimal location defined by clinical assessment of satisfactory air entry and radiological distance from midtracheal level <2 mm 9 or at T1 level 10 ); (IV) correctness of the ET size according to the international guidelines for neonatal resuscitation (birth weight (ET diameter), i.e., <1000 g (2.5 mm), 1000 to 2000 g (3.0 mm) and 2000 to 3000 g (3.5 mm)). 7 Vascular access was assessed by recording the time to obtain venous access and/or times for insertion of umbilical arterial or venous catheters.
Stabilization
Data were collected on temperature stability, degree of respiratory and cardiovascular support and glucose homeostasis. Temperature stability was quantified by calculating the average temperature in degrees Celsius (1C) in the first hour following birth and the frequency of significant hypothermia (defined as rectal temperature <36.11C]. Maximum oxygen requirement (FiO 2 ), respiratory rate and oxygenation index [FiO 2 Â MAP Â 100/PaO 2 (mmHg)] during the resuscitation and transport stabilization period were recorded as indices of respiratory support. The frequency and timing of surfactant replacement therapy in infants with respiratory distress syndrome (Based on the occurrence of classic symptoms, such as the need for oxygen supplementation, intercostals retractions, tachypnea and grunting, the exclusion of other causes of respiratory distress, 11 and confirmed by a typical radiological pattern with reduced air content and a reticulogranular pattern of lung and air bronchograms. 12 ] was quantified. We assessed cardiovascular status by documenting the frequency of hypotension (defined by mean arterial pressure below gestational age) in addition to the amount of cardiovascular support [i.e., frequency and volume of crystalloid or packed red blood replacement (ml/kg)] and inotrope requirement. Glucose homeostasis was assessed by calculating mean glucose (mmol/l) over the stabilization period as well as the frequency of significant hypoglycemia (defined as plasma glucose <2.2 mmol/l 13 ). Details of transport-related mortality from birth until arrival at the destination tertiary neonatal intensive care unit (NICU) was extracted.
Statistics
Maternal data were characterized using descriptive statistics where appropriate [i.e., mean±SD and median (range) for continuous variables and frequency for categorical variables]. Continuous and noncontinuous data were analyzed using Student's t-tests and Mann-Whitney rank sum test, for respective parametric and nonparametric data sets. Categorical data were analyzed using w 2 -test or Fisher's exact test. Level of significance was set at p<0.05.
RESULTS
The SNRT attended the delivery of 46/71 (64.8%) premature infants when requested by referral hospital staff. Resuscitation and early stabilization was performed by a resuscitation team at the referral hospital (RHT) in the remaining 25/71(35.2%) cases when the SNRT could not be present. The most common reasons for inability of the SNRT to attend the delivery and immediate resuscitation were rapid progression of labor, and performance of an emergency cesarean section ( Table 1 ). The median arrival time following delivery, in the latter cases, was 41 minutes (range 8 to 183) for the SNRT.
Maternal and Neonatal Demographics
There were no differences in maternal details between both groups, although there was a nonsignificant trend towards increased frequency of antepartum hemorrhage and antibiotic usage in the RHT group (Table 2) . There was an increase in elective cesarean section (17.8 vs 3.8%, p<0.05) rate in the SNRT group (Figure 1 ). There was no difference in mean gestation, birth weight, gender or condition at birth of neonates in either group (Table 3) .
Resuscitation
Airway support. Neonates who were resuscitated by referral hospital staff received 100% oxygen therapy, mask CPAP, bag and mask ventilation and cardiac compressions for prolonged periods (Table 4) . There was no difference in the number of babies who required endotracheal intubation. Neonates resuscitated by the SNRT were successfully intubated with fewer attempts and after a shorter procedural time ( Table 4 ). The correct ET position (radiological) was achieved in 72% of cases when performed by the SNRT compared to 38.1% of intubations performed by the RHT (Figure 2a, p<0.001 ). In addition, four babies (16%) babies in the RHT group were intubated with the incorrect ET size.
Vascular Access. In total, 31% neonates resuscitated by the RHT had no vascular access when the SNRT arrived. The time to obtaining venous access was significantly shorter in babies exclusively resuscitated by SNRT from birth (31.6±6.5 vs 63.7±2.9 minutes, p ¼ 0.007). There was no difference in time to successful umbilical arterial (96.9±39.7 vs 108.3±46.5 minutes, p ¼ 0.54) or venous line (98.7±37.6 vs 108.5±46.9 minutes, p ¼ 0.56) placement for the SNRT and RHT groups, respectively. 
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In addition, the frequency of significant hypoglycemia was higher in babies managed exclusively by the SNRT (20.9 vs 9.1%, p<0.01) but only 56% of babies in the RRT group compared to 75% of the SNRT group had blood glucose analysis in the first hour.
Transport-related Mortality during Resuscitation and Stabilization
There were a total of five deaths during the study time period with ''extreme prematurity'' cited as the precipitating cause. There was no difference in mortality between the groups (n ¼ 2 (4.3%) vs n ¼ 3 (12.0%), p ¼ 0.51) for the SNRT and RHT. In all cases, withdrawal of intensive care support was conducted at the local hospital. 
DISCUSSION
Effective resuscitation and stabilization of critically ill neonates or children is most successful when performed by retrieval teams who function as a ''mobile intensive care unit''. 14 The outcome following inter or intrahospital transport of critically ill adults, 15 children 16, 17 or neonates 5, 18 is improved when resuscitation, stabilization and transfer is performed by dedicated retrieval teams. Resuscitation of the VLBW infant in community hospitals is problematic because of insufficient numbers of on-site personnel with adequate training and experience and the lack of a critical mass of patients. The consequences include increases in both neonatal morbidity and mortality. 19, 20 The impact of a specialist neonatal retrieval team on the resuscitation and stabilization of outborn premature infants has not been previously examined.
Recently, concern has been raised about the implication of aggressive respiratory assistance during the resuscitation of premature infants. 21 Inflammatory processes leading to lung injury may occur immediately following the initiation of mechanical ventilation with changes detected after a few large breaths. 22 The immature lung is particularly susceptible to Ventilator Associated Lung Injury (VALI), and aggressive respiratory support may interfere with normal postnatal lung development. 23 Neonates resuscitated by the SNRT in this study were successfully intubated after fewer attempts, so exposure to 100% oxygen, mask CPAP or nonpressure-limited bag and mask ventilation was reduced, which may theoretically minimize the degree of lung injury sustained during resuscitation. It is also concerning that, on average, it took twice as long for the RHT to secure vascular access. Time delays incurred as a result of the difficulties encountered in securing an ET tube may be partially responsible; however, operator dependent factors must also be considered. These include lack of familiarity with the resuscitation of VLBW infants, the equipment or the techniques required, particularly for umbilical catheterization. The consequences of lack of venous access include delays in the administration of antibiotics, delays in the management of low blood pressure or a failure in the recognition and subsequent treatment of low blood glucose levels.
Hypothermia is associated with increased mortality in premature infants. 24 Optimization of peripartum management by improving the quality of resuscitation, avoidance of hypothermia and provision of early neonatal care by the most experienced providers has been recommended as a strategy to minimize hemorrhagic and ischemic brain injury. 19 In this study, a significant proportion of neonates resuscitated and stabilized by the RHT became markedly hypothermic. It is possible that prolonged handling during ET intubation attempts or delays in obtaining vascular access in this group may have contributed to the development of hypothermia (see Table 5 ). Neonates managed exclusively by the SNRT maintained a rectal temperature within an acceptable range throughout. In addition to overhead warmers, warming mattresses were used by the SNRT to maintain a satisfactory rectal temperature. These mattresses may not always be readily available to the resuscitation team at some referral hospitals, which is particularly important if VLBW infants remain in cold delivery rooms for long time periods.
Surfactant replacement therapy is considered standard neonatal care as there are data to support both prophylactic or rescue treatment. 8, 25 Despite overwhelming evidence of benefit, neonates resuscitated by the RHT were significantly less likely to receive surfactant therapy, despite similar rates of RDS and comparable oxygen requirement and oxygenation indices. The difference is unlikely to be related to surfactant replacement practice guidelines (i.e., prophylaxis vs rescue) as the time of administration is similar in both groups. The influence of the referral hospital team's view on the practice of surfactant administration is an important consideration as there are data from other transport studies that have shown that nonspecialist resuscitation or stabilization teams were less likely to be aggressive or make difficult medical decisions. 18 One of the limitations of this study is that the data are retrospective and the factors responsible for inability of the SNRT team to attend the delivery may independently affect the immediate postnatal course. The trend towards increased frequency of prolonged rupture of membranes and antepartum hemorrhage may be reflective of a more critical situation where there is an urgent need to deliver the baby. Although neonates in the RHT group were more likely to be anemic and receive packed red blood cell transfusions, there was no difference in the frequency of hypotension, the need for cardiotropic support or other volume expanders in this group. We are concerned about the increased frequency of low blood glucose levels identified in neonates resuscitated by the SNRT. This is possibly a ''detection bias'' as a result of the teams' policy to routinely check plasma glucose soon after birth. Nevertheless, treatment was provided and recurrence avoided.
In this study, we have shown that dedicated neonatal retrieval teams may have an important role in improving the resuscitation and stabilization of preterm infants born outside tertiary perinatal centers. One of the concerns raised by community referral staff is Values are presented as frequency (%) and median (range).
the potential for ''de-skilling'' community pediatricians with reduced exposure and a reduction in their level of responsibility. 26 This is a valid concern as there will always be situations when the regional dedicated neonatal retrieval team is unable to attend deliveries, particularly when there is evidence of fetal distress with a need for urgent delivery or when delivery is precipitous. It is important that all staff, involved in the resuscitation of VLBW infants, maintain competency in the theoretical and practical aspects of skills required for neonatal resuscitation. This study highlighted some important areas for improvement and the need for focused educational activities. Efficient communication systems, mechanisms for dissemination of practice guidelines as well as outreach education may enhance the care of VLBW delivered and resuscitated by community physicians and other health care professionals. The SNRT team attending a high-risk delivery not only ensures effective patient resuscitation and stabilization but actively involves local nursing and medical staff (when available) in the management. Although, not sufficient in itself, this is a valuable opportunity for educating referral hospital staff and assisting in continuous quality improvement.
